There is no golden rule concerning the optimal equations to estimate reference potential evapotranspiration (PET ref The equations of estimating potential evapotranspiration require several meteorological variables (e.g. solar radiation, wind speed), which most of the times are rarely available in daily values for the Greek meteorological stations. In the current research there is an attempt to estimate the potential evapotranspiration with EmPEst software which includes 13 different approaches, using daily and monthly data of the meteorological station of Lamia which is located within Sperchios river valley in central Greece. Finally, by the use of the statistical indicators that occur as an output from the software, there is a comparison and analysis of the exported results. The differentiations of the results showed which PET methods and series data (dailymonthly) were more suitable for the estimation of PET in the area of research.
INTRODUCTION
Evaporation is a major component of the hydrologic cycle and its estimate is widely used in hydrologic and irrigation engineering applications. Its accurate estimation is required for many studies, such as hydrologic water balance, water resources planning and management, and irrigation scheduling. Evaporation direct measurement techniques are not recommended for routine hydrological engineering applications because they imply a time consuming procedure requiring expensive equipment in order to obtain precise and carefully designed experiments (Valiantzas, 2006) .
Land surface evapotranspiration (ET) transfers large volumes of water from soil (evaporation) and vegetation (transpiration) to the atmosphere. Quantifying the consumption of water over large areas and within irrigated projects is important for water rights management, water resources planning, hydrologic water balances and water regulation (Allen et al., 2007) .
Potential evapotranspiration (PET) is defined as the amount of water that can potentially evaporate and transpire from a vegetated surface with no restrictions other than the atmospheric demand (Lu et al., 2005) . PET provides a good representation of the maximum possible water loss to the atmosphere. Knowledge of PET rates is essential for a variety of applications, including hydrological modeling, irrigation planning, geo-botanical studies, and estimation of sensitive-to-climatic change aridity indexes. Although the PET concept is applied in a wide spectrum of applications, the term is considered a source of confusion because of the vague definition of "vegetated surface". To overcome this problem, the term PET has gradually been replaced by "reference potential evapotranspiration" (PET ref ) , for which the characteristics of the vegetated surface have been standardized. The Food and Agriculture Organization (FAO) Expert Consultation of Revision of FAO Methodologies of Crop Water Requirements accepted the following definition of the reference surface: "A hypothetical reference crop with an assumed crop height of 0.12 m, a fixed surface resistance of 70 s m -1 and an albedo of 0.23" (Allen et al.,1998) . Consequently, PET ref is defined as the amount of water that can potentially evaporate and transpire from a reference crop with no restrictions other than the atmospheric demand. Papazafiriou (1984) reported that the modified FAO Penman-Monteith method can satisfactorily estimate the reference evapotranspiration over the most regions in Greece. However, even this method tends to generate overestimations of PET ref during summer months, and underestimations during the winter months (Dalezios et al., 2002) .
Regarding to Penman-Monteith method, extensive research was done in Greece while the latest studies (Valiantzas (2013a (Valiantzas ( , 2013b (Valiantzas ( , 2013c ) have managed to simplify at a great scale this estimation, even when the available data are very limited. Valiantzas (2012) and Exner-Kittridge (2010) concluded that if the addition of RH measurements to the air temperature data, T, improve the accuracy of the ET 0 estimation, then the cost effectiveness of a RH -T method could increase dramatically compared to other alternatives of limited set of data methods (requiring additional u and/or Rs instrument sensors), due to the extremely low additional cost of the RH sensor. Therefore, further simplifications on the FAO-56 Penman-Monteith formula were made leading to a temperature-humidity based formula not requiring u and R S data measurements. The performance of the derived formulas for estimating reference crop evapotranspiration is also tested (Valiantzas, 2013d (Allen et al., 1998) .
Related to the modeling of the impacts of a changing climate, attainment about evapotranspiration is of arbitrative interest for an adequate appraisement of changes within ecosystems over the time and here from deducible risks. In areas where irrigation is a major component of agriculture due to low precipitation, it is also of economic importance to ascertain PET as accurately as possible; in fact that PET is in these regions the most significant component of the hydrological budget together with precipitation (Alexandris et al., 2008) .
Regarding agriculture, which is the major activity of the local population in Sperchios river valley, PET plays a very important role in their processes and activities. The crop type, variety and development stage should be considered when assessing the evapotranspiration from crops grown in large, well-managed fields. Differences in resistance to transpiration, crop height, crop roughness, reflection, ground cover and crop rooting characteristics result in different ET levels in different types of crops under identical environmental conditions. Crop evapotranspiration under standard conditions (ET c ) refers to the evaporating demand from crops that are grown in large fields under optimum soil water, excellent management and environmental conditions, and achieve full production under the given climatic conditions (Allen et al., 1998) .
Due to the high complexity, which is necessary to measure humidification we have to resort to mathematical functions for the determination of PET. These functions are often the only possibility to accomplish detailed analysis and modeling (Gebhart et al., 2012) .
This work is focused on the estimation and analysis of 13 different PET ref equations for one meteorological station in the region of Sperchios river valley, in central Greece. It is the first attempt for the estimation of the potential evapotranspiration in this area and it estimates and compares the PET, based on daily and monthly data in order to spot its differences and limitations in their results. For the calculation of the equation the software EmPEst was used (Kostinakis et al., 2011 (Paparrizos, 2012; Maris et al., 2013) .
Climate Data
Daily values of meteorological data obtained from one meteorological station within Sperchios valley were used in the study.
In our case we used data from this current station as it is the only one located within the Sperchios river basin for which we have available data. At this point we need to mention the lack of available observations that usually exists in Greece, as the network of the meteorological stations provides deficient observations which is a common problem the researcher is called to overcome.
The meteorological data included the variables shown in Table 1 . The observation period and other variables of the meteorological station are presented in Table 2 . The location of the meteorological station is depicted in Figure 1 . The observation period was from 01/01/1981 to 31/12/2000. The amount of daily input data in the software was 7305 values, while monthly data was 240 values. Before using the data, a homogeneity test was performed (Dingman, 1994) in order to improve the quality of the used data series. 
Statistical indicators
The performance of the empirical equations was assessed by using calculations from several goodness-of-fit statistics (StatSoft, 2007) . The measures applied to evaluate the performance of the empirical equations were:
Mean square error (MSE) These (or similar) statistical procedures have been widely discussed in the relevant literature (Jacovides, 1998; Jacovides and Kontoyiannis 1995; Knotters and Voshaar 1998; Willmott, 1982; Willmott, 1984; Willmott et al., 1985) and have proven to be important for the evaluation of the performance of empirical PET ref equations.
Mean absolute error (MAE)
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Methodology
Thirteen reference potential evapotranspiration models including the approaches of Hargreaves (Allen et al., 1998; Oudin et al., 2005) , McGuiness (Oudin et al., 2005) , Jensen (Jensen and Haise, 1963; Rosenberry et al., 2004) , Hansen (Xu and Singh, 2002) , Caprio (Caprio, 1974) , Romanenko (Oudin et al., 2005) , Turc (Lu et al., 2005) , Makkink (Rosenberry et al., 2004) , de Bruin (Rosenberry et al., 2004) , McCloud (Jacobs and Satti, 2001; Irmak et al., 2003) and three versions of Hamons approach where calculated under the use of EmPEst (Kostinakis et al., 2011; Xystrakis and Matzarakis, 2011) . For statistical evaluation of the model performance mean absolute error (MAE), mean relative square error (MRSE), mean relative absolute error (MRAE), mean bias error (MBE) and root mean square error (RMSE) where used, as mentioned above. It is evident that all the used methods of the uncertainty analysis cannot make any statement about the significance of model performance. In other words, the methods mentioned above exist in order to check the correlation between a set of numbers from a particular sample and find possible ambiguities, not to test the reliability of model performance. To take account of this fact, PET ref was estimated using daily and monthly data and it was used to determine further information on model performance and in order to evaluate which time data series (daily -monthly) will respond better, regarding to the results of EmPEst software.
Additionally, the RayMan model (Matzarakis et al., 2007) was used, in order to calculate some of the inputs of the software that are needed in order to accomplish its procedures. RayMan model simulates the short-and long-wave radiation flux densities from the three-dimensional surroundings in simple and complex environments. RayMan has the character of a freely available radiation and human-bioclimate model. The aim of the RayMan model is to calculate radiation flux densities, sunshine duration, shadow spaces and thermo-physiologically relevant assessment indices using only a limited number of meteorological and other input data. A comparison between measured and simulated values for global radiation and mean radiant temperature shows that the simulated data closely resemble measured data (Matzarakis and Katsoulis, 2006; Matzarakis et al., 2010) .
RESULTS

Evaluation of the empirical PET ref equations on a daily basis
The results of the analysis of the daily PET ref values are shown in Table 3 . Some equations perform relatively well, whereas others reveal a MSE and MRSE in the estimation of PET ref . Generally, formulas perform well, using daily data from the meteorological station of Lamia. In Table 4 , PET ref is calculated for all 13 equations and an average PET is given with daily data that were restructured in a monthly step, while Figure 3 gives a seasonal analysis of average & total PET ref (mm) per month, also with the use of daily data. 
Evaluation of the Empirical PET ref Equations on a Monthly Basis
The results of the integrated monthly PET ref values are presented in Table 5 . (1)- (5)) between each of the empirical equations over the entire observation period, using monthly data as inputs It can be seen that some equations clearly stood out for their consistently good fit with the average, whereas others clearly showed a very poor fit. In Table 6 , as above, PET ref is calculated for all 13 equations and an average PET that it is given from monthly data, while Figure 4 gives a seasonal analysis of average & total PET ref (mm) per month by averaging the input monthly data. From the Tables it is clear that differences between daily data and monthly data that were created by daily data are very small. The largest difference can be found in MRSE and it is 0,76%, with the daily values to be overestimated that the monthly used values. Overestimation of daily data compared with monthly data can be observed for all the statistical indicators. In the following figures, the differences for all the statistic indicators for every used method are given in an effort to understand which method(s) bring these differences. 
DISCUSSION
As shown in the Table and the Graphs, in the most of the methods, an underestimation of potential evapotranspiration is presented, while monthly data are used. In addition, there was a smaller range of statistical errors in the monthly data. This results the greater efficiency of output data, while monthly time series were used. The fact that the amounts of the monthly data are significantly less than the values of daily data is essentially the reason for this differentiation.
The application of EmPEst software methods showed some individual differences between the methods. This is due to the fact that the applied methods use different input data to calculate PET ref .
For example, in Table 4 , for the month July, from a simple look at the results we can discern a noticeable difference between some of the applied methods. The estimated values range between 3.6 mm d -1 and 9.1 mm d -1
. A farmer using the last value will irrigate with three times more water than a farmer using the first value. Similar observations can be also made in Tables 6 and 7. At this point, the usefulness of the model must be stated, as the potential user is able through 13 PET ref estimation methods to calculate the average value of PET ref , while at the same time is able through the statistical indicators to check and evaluate possible differences and choose the method(s) that fits the most and meet its standards from a simple observation of the statistical indicators potential differences.
Certainly the differences observed, as can be seen in Tables 7 & 8 are relatively few, with the largest of them being on MRSE statistic indicator, which in the analysis seems to be influenced by the method Caprio of calculation of potential evapotranspiration.
This means that EmPEst software is able to bring completely satisfactory results using either monthly or daily values as inputs by any meteorological station, making it the most reliable software for calculating the potential evapotranspiration.
Similar studies have been done in Greece concerning the study and calculation of evapotranspiration by many different methods (Poulovassilis et al., 2001; Mardikis et al., 2005; Tsouni et al., 2008; Xystrakis and Matzarakis, 2011; Gebhart et al., 2012) .
Most of the time the results showed that some methods came up with fairly good results , while other methods showed some fluctuations in their results such as Gebhart's study (2012) over Central Macedonia with high values of MS , MRSE. The fact that is cleared in the current study is that all the methods that were used, brought very satisfactory results compared with the similar studies for Greece mentioned above and can be used in this region and thus for the same type of climate. In summary, in our case of study, the only empirical approach that appears to have very small differences is the Caprio method, during the calculation of MRSE.
Regarding to the overall calculation of PET ref , latest studies, in order to come up against the problem of limited data that is mentioned above and we experienced it as well in the current study for the meteorological station of Lamia, tend to simplify some methods towards the necessary input data in order to meet up with most of the Greek meteorological stations that appear the same lack of data (Valiantzas, 2013d) .
Regarding use of daily and monthly data, although both times series worked pretty satisfactorily during EmPEst calculations, we need to note that we must be very careful when we use smaller amounts of values because, for example, while monthly values were used, the PET ref estimations were lower during the summer months and this is supported by the fact that the difference is more evident because actually in this season of the year there is reduced rainfall in the region. This is a factor that must be kept in mind while making our results and statements.
CONCLUSIONS
In the current paper, the calculation of the potential evapotranspiration was done, with the help of EmPEst software which comprises 13 equations for calculating the potential evapotranspiration and the use of meteorological observations from Lamia station which is located in the fertile region of Sperchios river valley.
The results of the application are generally considered satisfactory. The comparison in this paper of daily with monthly data observations of a meteorological station within the Greek territory wasn't random. Generally in Greece, a major problem that occurs is the lack of adequate meteorological observations, thing that often leads to a malfunction of the network of meteorological stations in Greece. Consequence of this is the availability mainly of observations with monthly step, at least for the years that we examined in this paper. Additionally, the small number of input data can often be the cause of overestimation or underestimation of the results.
Another factor that must kept in mind in our research for the calculation of evapotranspiration in Greece is rainfall, which primarily falls in cold period, compared to other European countries, while during the summer months tends to appear even more decreasing values. Rainfall, linked with PET, combined with the fact that agricultural section in the main activity in the area can provide useful answers to the stakeholders regarding their crops, give the opportunity for further research of the meteorological processes in Sperchios river valley and thus contribute to a sustainable development.
Summed up, we can say that most of the equations for calculating the potential evapotranspiration can be used to give accurate results in the Sperchios river valley. For even better results, before each use of EmPEst software, a careful examination of the possible faults in results through the statistical indications is necessary in order to avoid overestimated or underestimated results.
Finally, because of the large agricultural production which is the main occupation of the local population, it is believed that the results from this study could provide useful inferences to farmers and the various stakeholders with the area.
